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(57) Abstract 

The invention relates to connection-oriented 
packet-based communications network, such as 
ATM (Asynchronous Transfer Mode), in which 
the terminal (MS) and the network access point of 
the terminal may move in the network. When the 
access point of the terminal (MS) changes during 
an active connection, the routing of the connection 
must also be changed or extended from an old 
access point (BTS f) to a new one (BTS2). The 
old access point (BTSl) may comprise buffered 
cells, which should be transferred to the new 
access point without packet loss. A necessary 
connection (13) from the old access point to 
the new one is established dynamically, when it 
is required. Instead of being controlled by the 
old access point, the connection establishment is 
controlled by a third network element (10), which 
is responsible for controlling the change of access 
point anyway. The third network element (10) 
generates the required signalling and in a way 
"tunnels" this signalling to the old access point 
(BTSl). which transmits the signalling forward 
without interpreting it. So the old access point 
can be arranged to send signalling messages and 
to establish a connection without requiring any 
additional intelligence at the access point. Upon 
the connection being established, the old access 
point sends the buffered unsent packets to the new 
access point (BTS2). 
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1 

Method of avoiding packet loss at a handover in a packet-based 
telecommunications network and handover method 

FIELD OF THE INVENTION 

The invention relates to connection-oriented packet-based tele- 
5 communications networks, such as ATM (Asynchronous Transfer Mode), and 
particularly to avoiding packet loss at handovers in such networks. 

BACKGROUND OF THE INVENTION 

At present, there are two very interesting trends of development in 

10 the telecommunication, viz. mobile communication and broadband networks, 
in which bit rates typically exceed 2 Mbit/s. An example of broadband net- 
works is Broadband Integrated Services Digital Network (B-ISDN), the transfer 
mode of which is selected to be Asynchronous Transfer Mode (ATM). The 
ATM is a switching and multiplexing solution particularly relating to a data link 

15 layer (i.e. OSI Layer 2, from here on called ATM layer). ATM enables an im- 
plementation of a connection-oriented packet network in the B-ISDN networks. 

In ATM data transfer, the end user's data traffic is carried from a 
source to a destination by means of virtual connections. Data is transferred 
over switches of the network in standard-size packets of 53 bytes, the packets 

20 being called ATM cells. The structure of an ATM cell is illustrated in Figure 1. 
An ATM cell contains a header of 5 octets and an information field of 48 octets 
containing actual payload. The main object of the header is to identify a con- 
nection number for a sequence of cells, forming a virtual channel for a specific 
call. A physical layer (i.e. OSI Layer 1) may comprise several virtual paths, 

25 which are multiplexed in the ATM layer. The virtual paths are identified by 
means of a VPI (Virtual Path identifier). Each virtu.-! path may comprise a 
number of virtual channels, which are identified by a VCI (Virtual Channel 
Identifier). The header contains also other fields, such as an HEC (Header Er- 
ror Control), a GFC (Generic Flow Control), a CLP (Cell Loss Priority) and a 

30 PT (Payload Type). The ATM cell contains indirectly an information on the re- 
ceiver's address, each cell thus being an independent data transfer unit. The 
number of cells transferred in a time unit is proportional to the users band- 
width requirements. 

The ATM is a connection-oriented traffic technique, but because 

35 there is no connection before it is established, a connection establishment re- 
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quest shall be routed from a source through the ATM network to a destination 
approximately in the same way as packets are routed in packet-switched net- 
works. After the connection has been established, the cells travel along the 
same virtual path during the connection. 
5 A third trend of development is to introduce a wireless data transfer 

(wireless ATM) and mobility into the ATM networks (wireless ATM). The pres- 
ent B-ISDN and ATM standards do not support as such the additional features 
required by wireless communication, but different solutions to implement for 
instance mobility management in connection with wireless ATM have been 

10 presented already. The aim has been to add wireless data transfer and mobil- 
ity to the ATM network without significant changes in the existing ATM stan- 
dards and networks. Such solutions have-been ^presen ted in the applicant's 
copending Finnish Patent Application ^971 V 78^ahd 970602, for examples UtffJ/^r-k 
In PLMNs (Public Land Mobile Network), radio interfaces have con- 

15 ventionally been narrowband interfaces. The transmission systems of mobile 
networks have conventionally been implemented by circuit-switched connec- 
tions in a star or tree network configuration. In order to increase the capacity 
and flexibility of the transmission systems, a use of different broadband 
packet-switched transfer systems or ATM technique in mobile networks has 

20 also been proposed, for instance in WO 9400959, EP 0366342 and EP 
0426269. A possible future trend of development is mobile systems having a 
broadband radio interface. Then a broadband transmission system of the mo- 
bile system is also needed, while a potential alternative is ATM technique. 

In mobile networks and in a wireless ATM network, a terminal does 

25 not have any fixed access point to the network, but the terminal and the ac- 
cess point may move in the network. When a virtual connection has been 
routed to the terminal through the ATM network, the routing must also be 
changed or extended from an old access point (a base station, for example) to 
a new one. This procedure is. called handover or handoff. In a hard handover, 

30 the data transfer is interrupted, when the connection is connected from one 
access point to another. In a soft handover, the continuation of the data 
transfer is secured by the terminal having a connection both with the old and 
the new AP (Access Point) simultaneously during the handover. 

In an ATM network, and generally in a packet-based telecommuni- 

35 cations network, a loss of an ATM cell (packet) reduces significantly the effi- 
ciency of the connection. If one single ATM cell is lost (during handover, for in- 
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stance), it may be necessary to retransmit a whole PDU (Protocol Data Unit) of 
higher level protocol, i.e. a plurality of ATM cells. This reduces the efficiency of 
the connection, and for this reason, cell losses have to be avoided. A change 
in cell order during a connection also causes an error situation at reception 
5 and starts a retransmission of the cells. Therefore, it should also be secured 
that the order of the cells does not change during handover. In general, this 
requires a buffering of cells always when an active connection breaks for 
whatever reason. Some reasons for cell buffering in a wireless ATM network 
are described below. 

1 0 Traffic from an MT (Mobile Terminal) to an AP (uplink direction) and 

further to the network must be buffered at least in the MT, when the radio leg 
of the connection is broken. This may happen during a hard handover or a 
fading, for instance. A buffering of uplink traffic on the network side may be 
necessary during a path optimization process. 

15 In downlink direction, there are several alternatives to implement 

cell buffering. The access point shall buffer the downlink cells for instance for 
sudden radio link interruptions, congestion and retransmission. During hand- 
over, the connection breaks approximately for the time needed for establishing 
a new radio connection and for releasing an old one. The buffering required by 

20 handover may typically be carried out either at an old access point AP or in an 
ATM switch. Buffering at the old access point AP is simple, because the AP 
needs a buffering of some kind in any case. Buffering relating to handover is a 
new function in the ATM switch, besides which, some of the cells still have to 
be buffered at the old AP. 

25 In both above alternatives of downlink cell buffering, the old access 

point AP may comprise buffered cells, which have not yet been sent over the 
radio path. After a handover to a new access point AP, these unsent cells 
should be transmitted forward to the new AP without a loss of cells and main- 
taining the cell sequence in order to avoid a retransmission of a whole PDU. 

30 As a solution to this problem has been presented that there are pre- 

established (permanent) connections between adjacent access points, over 
which connections the unsent cells can be transferred from the old AP to the 
new AP. This approach does not require any significant intelligence at the AP 
and does therefore not increase the complexity of the AP (base station, for in- 

35 stance). However, this solution is not very dynamic and reserves network re- 
sources only for this use. 
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As another solution to this problem has been presented an 
"intelligent" access point AP being able to establish a connection to a new AP 
by itself and to transfer the unsent cells to the new AP. By means of this solu- 
tion, a better dynamism and utilization of network resources are achieved. 
5 However, a drawback is that the necessary additional intelligence increases 
the complexity of the AP and thus the costs. 



BRIEF SUMMARY OF THE INVENTION 

The object of the invention is thus a method by which unsent cells 

10 can be transferred from an old access point to a new one without reserving 
network resources unnecessarily and without increasing the complexity of the 
access point and the price significantly. 

The objects of the invention are achieved by means of a method of 
transferring unsent packets from an old access point to a new access point in 

15 a packet-based connection-oriented telecommunications network, in which the 
access point of a terminal to the network may change during an active con- 
nection, the method comprising the steps of: buffering at the old access point 
the packets which the old access point has not sent to the terminal before 
change of access point; establishing a connection from the old access point to 

20 the new access point; transferring the buffered packets from the old access 
point to the new access point over said connection. The method is according 
to the invention characterized in that said step of establishing a connection 
comprises the steps of: generating a signalling required for said connection 
establishment in a third network element, which is responsible for controlling 

25 the change of access point; tunnelling said signalling to the old access point; 
transmitting said signalling from the old access point to the new access point. 

Another object of the invention is a packet-based connection- 
oriented communications network, comprising an arrangement for transferring 
unsent packets from an old access point to a new access point, in which ar- 

30 rangement the access point of a terminal to the network changes during an 
active connection, the arrangement comprising: means for buffering at the old 
access point the packets which the old access point has not sent to the termi- 
nal before change of access point; means for establishing a connection from 
the old access point to the new access point; means for transferring the buff- 

35 ered packets from the old access point to the new access point over said con- 
nection. The network is according to the invention characterized in that said 
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means for establishing a connection comprise means for generating a signal- 
ling required for said connection establishment in a third network element, 
which is responsible for controlling the change of access point; means for tun- 
nelling said signalling to the old access point; means for transmitting said sig- 
5 nailing from the old access point to the new access point. 

Still another object of the invention is a handover method for hand- 
ing a terminal over from an old access point to a new access point during an 
active connection in a packet-based connection-oriented communications 
network, the method comprising the steps of: establishing a connection be- 

10 tween the terminal and the new access point; buffering at the old access point 
the packets which the old access point has not sent to the terminal before the 
change of access point; routing an extension from the old access point to the 
new access point; transferring the buffered packets from the old access point 
to the new access point over said extension. The method is according to the 

15 invention characterized in that said step of routing the extension comprises the 
steps of: generating a signalling required for the routing in a third network ele- 
ment, which is responsible for controlling the change of access point; tunnel- 
ling said signalling to the old access point; transmitting said signalling from the 
old access point to the new access point. 

20 In the invention, a connection from an old access point to a new 

one is established dynamically, when it is required. However, instead of being 
controlled by the old access point, the connection establishment is controlled 
by a third network element, which is responsible for controlling the change of 
access point anyway. This third network element is typically a switch or a con- 

25 trolling element of a mobile network, which element already comprises the 
"intelligence" required for connection establishment. The third network element 
generates a necessary signalling and in a way "tunnels'" this signalling to the 
old access point, which transmits the signalling forward without interpreting it. 
Thus the old access point can be made to send signalling messages and to 

30 establish a connection without needing any additional intelligence. The third 
network element controlling the change of access point knows the new access 
point and is thus able to address the signalling correctly. Tunnelling may com- 
prise, for instance, an encapsulation of an original signalling message con- 
taining the address of the actual destination into a packet provided with the 

35 address of the old access point and sent to the old access point. The old ac- 
cess point decapsulates the signalling message from the packet and transmits 
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the signalling message forward on the basis of the actual destination address. 
A signalling response possibly sent from the new access point is addressed to 
the third network element and transmitted automatically over the old access 
point. After the connection has been established, the old access point sends 
5 the buffered unsent packets to th-..- new access point, in response to a com- 
mand sent by the third network element, for instance. Then the third network 
element can release the connection in the same way as described above, if it 
is not needed any longer. In another embodiment of the invention, the con- 
nection establishment according to the invention is used for carrying out a PE 

10 (Path Extension) handover. The PE handover extends an existing connection 
from the old access point to the new access point on the principle described 
above. In the PE handover, the connection established is not released, how- 
ever, after the buffered packets have been sent to the new access point. 

By means of the invention, the complexity of the access point (a 

15 base station, for instance) can be kept minimal, which makes the price more 
cost effective. On the other hand, the intelligence required in the third network 
element is already available, and therefore, the invention requires only some 
new functionality there. A connection can be established dynamically, by 
which a permanent resen/ation of network resources is avoided. 

20 

BRIEF DESCRIPTION OF THE FIGURES 

The invention is now described in more detail by means of preferred 
embodiments with reference to the attached drawings, in which 

Figure 1 illustrates an establishment of a connection according to 
25 the invention in a "make-break" handover in a wireless ATM network, 

Figure 2 illustrates an establishment of a connection according to 
the invention in a path extension handover in a wireless ATM network. 

DETAILED DESCRIPTION OF THE INVENTION 

30 The present invention is suitable for being used in all connection- 

oriented packet-based telecommunications networks, in which the access 
point of a terminal to the network may change as a consequence of the termi- 
nal moving during an active connection. Such telecommunications networks 
are for instance wireless packet networks and mobile networks, using a con- 

35 nection-oriented packet-based network as a transmission network between 
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base stations and controlling network elements. The primary application area 
of the invention is in ATM networks, wireless ATM networks in particular, and 
mobile networks using ATM technique in transmission networks. 

With reference to Figure 1, a simple example is described, which il- 
5 lustrates how unsent ATM cells buffered at an old access point are transferred 
according the invention to a new access point in a make-break handover in 
a wireless ATM network. Two base stations BTS1 and BTS2, i.e. access 
points, are connected to an ATM switch 10. Initially, it is assumed that a mo- 
bile station MS has a radio connection with the base station BTS1, and a vir- 

10 tual ATM connection 11 between the base station BTS1 and the ATM switch 
10, and further, a virtual connection 14 over the ATM switch and the ATM net- 
work to another party. ATM cells are sent in downlink direction from the switch 
10 to the base station BTS1, where they are buffered before they are sent 
over the radio path to the mobile station MS. An ATM layer and a physical 

15 layer MAC (Medium Access Control) preferably have a common cell buffer. It 
is assumed that the radio connection between the MS and BTS1 weakens so 
much that the MS is transferred by handover to a new base station BTS2. It is 
of no significance for the invention, what the criterion for the handover is or 
whether the mobile station MS or some network element, such as the switch 

20 10, makes the decision on the handover. In the example of Figure 1, the 
switch 10 controls, however, at least the reestablishment of the connections 
on the network side. In a handover, a new radio connection is established 
between the MS and the new base station BTS&. In addition, a new virtual 
ATM connection 12 is established between the switch 10 and the new base 

25 station BTS2 in the make-break handover of Figure 1. The switch 10 switches 
a connection 13 to the new connection 12 in such a way that new cells coming 
from the other party are sent to the base station BTS2, where they are buff- 
ered, instead of being sent to the base station BTS1. 

It is further assumed that the buffer of the old base station BTS1 

30 contains cells which the BTS1 has not had time to send over the radio path to 
the mobile station MS before the handover. These "old" cells should be trans- 
ferred to the new base station BTS2 and sent over the radio path to the MS 
before sending "new'' cells received over the connection 12. In this way, loss 
of cells or change of cell order and thus retransmissions are avoided. 

35 According to the invention, the switch 10 controls the establishment 

of the extension connection 13 between the old base station BTS1 and the 
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new base station BTS2. To be precise, the switch 10 creates signalling mes- 
sages SETUP required for connection establishment and having an end point 
address BTS2. The switch 10 has participated in the handover, and therefore, 
it knows the new base station BTS2. The switch 10 "tunnels" the signalling 
5 messages over the connection 11 to the old base station BTS1, from where 
they are then sent over a signalling connection to the base station BTS2 on 
the basis of the end point address. Tunnelling may mean an encapsulation of 
the end point address into a message, which is routed through an intermediate 
address, called "tunnel" address. In this case, the intermediate address is 

10 BTS1. After the signalling has been tunnelled to the intermediate address 
BTS1, a decapsulation is performed, i.e. the signalling message is transmitted 
by the BTS1 forward by using the actual end address. In this way. a similar 
signalling is provided as if it were provided and sent by the BTS1 independ- 
ently. By means of the invention, the BTS1 does not need to have the intelli- 

15 gence required for connection establishment. As a result of the connection 
establishment signalling sent by BTS1. a temporary virtual connection 3 is 
established between the BTS1 and BTS2. Response signalling from the base 
station BTS2 is transmitted via the base station BTS1 to the switch 10. In a 
preferred embodiment of the invention, the switch 10 then commands the base 

20 station BTS1 to send the old cells of the buffer to the new base station BTS2 
over the connection 13. The BTS2 sends the cells over the radio path to the 
mobile station MS and starts then sending buffered new cells. After this, the 
connections 11 and 13 are unnecessary and they can be released. The re- 
lease of the connection 13 can be performed from the switch 13 by means of 

25 the same tunnelling solution as the establishment. In other words, the switch 
10 creates a release message and tunnels it to the base station BTS1, which 
then transmits the release message to the end point address BTS2. Upon re- 
leasing the connection 13. the connection 1 1 can be released in a normal way. 

It shall be noted that it is not essential for the invention which type 

30 of tunnelling technique is used. For the invention, it is only essential that sig- 
nalling messages created by the switch 10 can be transferred by tunnelling to 
the base station BTS1 to be sent forward, as if BTS1 had created and sent the 
messages itself. Otherwise, the signalling protocol used is a normal ATM sig- 
nalling protocol. A tunnelling technique is described in (AF96-1699) Potter, 

35 Gilmurray (ORL), 1996. "Tunnelled Signalling for the Support of the Mobile 
ATM, ATM Forum Contribution 96-1699", incorporated herein with its cross- 
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references. ATM signalling and tunnelling are described in "ATM User- 
Network-Interface Specification", version 3.1. ATM Forum, 1994. 

Referring to Figure 2, a simple example is described, ;h illus- 
trates how unsent ATM cells buffered at an old access point are transferred 
5 according to the invention to a new access point in a Path Extension (PE) 
handover in a wireless ATM network. Two base stations BTS1 and BTS2, i.e. 
access points, are connected f- jn ATM switch 20. Initially, it is assumed that 
'the mobile station MS has a radio connection with the base station BTS1 and 
a virtual ATM connection 21 between the base station BTS1 and the ATM 

10 switch 20. and a further virtual connection 23 through the ATM switch 20 and 
the ATM network to another party. ATM cells are sent in downlink direction 
from the switch 20 to the base station BTS1. where they are buffered before 
being sent over the radio path to the mobile station MS. It is assumed that the 
radio connection between the MS and the BTS1 weakens so much that the 

15 MS is transferred by handover to the new base station BTS2 in the same way 
as in Figure 1. In the handover, a new radio connection is established be- 
tween the MS and the new base station BTS2. In the PE handover of Figure 2, 
a new virtual ATM connection 22 is additionally established between the old 
base station BTS1 and the new base station BTS2. The unsent cells remained 

20 in the buffer of the base station BTS1 and the new cells coming from the other 
party are transmitted over the connection 22 to the base station 3TS2. 

According to the invention, the switch 20 controls the establishment 
of an extension 22 between the old base station BTS1 and the new base sta- 
tion BTS2 on the same tunnelling principle as in Figure 1. To be precise, the 

25 switch 20 creates the signalling messages SETUP needed for connection es- 
tablishment and tunnels them over the connection 21 to the old base station 
BTS1, which sends the signalling messages over a signalling connection to 
the base station BTS2. As a result of the connection establishment signalling 
sent by the BTS1, a temporary virtual connection 22 is established between 

30 the BTS1 and BTS2. In the preferred embodiment of the invention, the switch 
10 then commands the base station BTS1 to send the old cells in the buffer 
over the connection 13 to the new base station BTS2. The BTS2 sends them 
over the radio path to the mobile station MS and then starts sending buffered 
new cells. In PE handover, the connections 21 and 22. which are needed 

35 also after the buffer of the base station 3TS1 has been emptied, are not re- 
leased as in Figure 1 . 
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The Invention thus enables an implementation of a PE handover 
without requiring any additional intelligence in the base station for establishing 
a connection. 

The switch 10 or 20 described above may be any network element 
5 provided with an ATM switch function, such as a conventional switch of an 
ATM network, a switch of a wireless ATM network, or a controlling network 
element of another telecommunications network, provided with an ATM switch 
function. Examples of implementing a wireless ATM network and a mobile 
network using ATM technique are described e.g. in Finnish Patent Applica- 
10 tions 971 178 and 970602, incorporated herein as reference. 

The figures and the description relating to them are only intended to 
illustrate the present invention. Accordingly, the invention and its embodiments 
are not restricted to the above examples, but they can vary within the scope of 
the claims. 
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CLAIMS 

1. Method of transferring unsent packets from an old access point 
(BTS1) to a new access point (BTS2) in a packet-based connection-oriented 
telecommunications network, in which the access point of a terminal (MS) to 

5 the network may change during an active connection, the method comprising 
the steps of 

buffering at the old access point (BTS1) the packets which the old 
access point has not sent to the terminal before change of access point, 

establishing a connection (13) from the old access point (BTS1) to 
1 0 the new access point (BTS2), 

transferring the buffered packets from the old access point (BTS1) 
to the new access point (BTS2) over said connection (13), 

characterized in that said step of establishing a connec- 
tion comprises the steps of 
15 generating a signalling required for said connection establishment 

in a third network element (10, 20), which is responsible for controlling the 
change of access point, 

tunnelling said signalling to the old access point (BTS1 ), 
transmitting said signalling from the old access point (BTS1) to the 
20 new access point (BTS2). 

2. Method according to claim 1, characterized in that the 
tunnelling comprises the steps of 

encapsulating in the third network element (10, 20) a signalling 
message provided with an address of the actual destination into a packet pro- 
25 vided with the address of the old access point, 

sending the encapsulated signalling message to the old access 
point (BTS1). 

decapsulating the signalling message at the old access point 

(BTS1), 

30 transmitting the signalling message forward on the basis of the ad- 

dress of the actual destination. 

3. Method according to claim 1or2, characterized by 
creating a connection release message in the third network element 

(10, 20). after said buffered packets have been transferred from the old access 
35 point (BTS 1 ) to the new access point (BTS2), 
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tunnelling the connection release message to the old access point 

(BTS1). 

transmitting the connection release message from the old access 
point (BTS1 ) to the new access point (BTS2). 
5 4. Method according to claim 1or2 t characterized by 

using said connection (13) as an extension of a path extension 
handover from the old access point (BTS1) to the new access point (BTS2). 

5. Method according to claim 1,2, 3 or 4, characterized in 
that the telecommunications network is an ATM-based network and the pack- 

10 ets are ATM cells. 

6. Packet-based connection-oriented communications network, 
comprising an arrangement for transferring unsent packets from an old access 
point (BTS1) to a new access point (BTS2), in which arrangement the access 
point of a terminal to the network changes during an active connection, the ar- 

1 5 rangement comprising 

means for buffering at the old access point (BTS1) the packets 
which the old access point has not sent to the terminal before change of ac- 
cess point, 

means for establishing a connection (13) from the old access point 
20 (BTS1 ) to the new access point, 

means for transferring the buffered packets from the old access 
point (BTS1) to the new access point (BTS2) over said connection (13), 
characterized in that said means for establishing a connection com- 
prise 

25 means for generating a signalling required for said connection es- 

tablishment in a third network element (10, 20), which is responsible for con- 
trolling the change of access point, 

means for tunnelling said signalling to the old access point (BTS1), 
means for transmitting said signalling from the old access point 
30 (BTS1 ) to the new access point (BTS2). 

7. Network according to claim 6, characterized in that said 
tunnelling means comprise 

means in the third network element (10. 20) for encapsulating a 
signalling message provided with the address of the actual destination into a 
35 packet provided with the address of the old access point (BTS1) and for 
sending the encapsulated signalling message to the old access point (BTS1), 
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means for encapsulating the signalling message at the old access 
point (BTS1) and for restoring the original signalling message to be transmit- 
ted forward on the basis of the actual destination address. 

8. Network according to claim 6 or 7, characterized in that 
5 the arrangement additionally comprises 

means for creating a connection release message in the third net- 
work element (10, 20), after said buffered packets have been transferred from 
the old access point (BTS1 ) to the r =w access point (BTS2), 

means for tunnelling the connection release message to the old ac- 
10 cess point and for transmitting the connection release message from the old 
access point (BTS1) to the new access point (BTS2). 

9. Network according to claim 6 or 7, characterized in that 
said connection is an extension of a path extension handover from the old ac- 
cess point (BTS1 ) to the new access point (BTS2). 

15 10. Network according to claim 6, 7, 8 or 9, characterized 

in that the telecommunications network is an ATM-based network and the 
packets are ATM cells. 

11. Network according to claim 10, characterized in that 
the telecommunications network is a wireless ATM network comprising mobile 

20 stations and at least one ATM switch, to which are connected base stations, 
and that said third network element is an ATM switch and the access points 
are base stations. 

12. Network according to claim 10, characterized in that 
the telecommunications network is a mobile network, comprising mobile sta- 

25 tions (MS), base stations (BTS). at least one controlling element of a mobile 
network and an ATM transmission network interconnecting said controlling 
element of the mobile network and the base stations, and that said third net- 
work element is said controlling element of the mobile network and/or an ATM 
switch of the ATM transmission network and the access points are base sta- 

30 tions. 

13. Handover method for handing a terminal over from an old ac- 
cess point to a new access point during an active connection in a packet- 
based connection-oriented telecommunications network, the method compris- 
ing the steps of 

35 establishing a connection between the terminal and the new access 

point (BTS2). 
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buffering at the old access point (BTS1) the packets which the old 
access point has not sent to the terminal before the change of access point, 

routing an extension (22) from the old access point (BTS1) to the 
new access point (BTS2), 
5 transferring the buffered packets from the old access point to the 

new access point over said extension (22), characterized in that said 
step of routing the extension comprises the steps of 

generating a signalling required for the routing in a third network 
element (10, 20), which is responsible for controlling the change of access 
10 point, 

tunnelling said signalling to the old access point (BTS1), 
transmitting said signalling from the old access point to the new ac- 
cess point (BTS2). 

14. Method according to claim 13, characterized in that 
1 5 the tunnelling comprises the steps of 

encapsulating, in the third network element (10, 20), a signalling 
message provided with the address of the actual destination into a packet pro- 
vided with the address of the old access point, 

sending the encapsulated signalling message to the old access 
20 point (BTS1), 

decapsuiating the signalling message at the old access point 

(BTS1), 

transmitting the signalling message forward on the basis of the ac- 
tual destination address. 
25 15. Method according to claim 13 or 14, characterized in 

that the communications network is an ATM-based network and the packets 
are ATM cells. 



BNSOOCIO: cWO 9847302A2_I_= 



WO 98/47302 



PCT/FI98/00324 





1 



INTERNATIONAL SEARCH REPORT 


International application No. 

PCT/FI 98/00324 


A. CLASSIFICATION OF SUBJECT MATI'tR 



IPC6: H04Q 7/22, H04Q 7/38, H04L 12/56 

According :o International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum ducumentatian searched (classification system followed by clarification symbols) 

IPC6: H04Q, H04L 

Documentation searched other than minimum documentation to the extent that such documents arc included in the fields searched 

SE,DK,FI,N0 classes as above 

Kicctronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category' 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



P.X 



WO 9731499 Al (NOKIA MOBILE PHONES LTD.), 
28 August 1997 (28.08.97), page 8, 
line 5 - line 20; page 12, line 17 - line 23; 
page 14, line 1 - line 23, abstract 



EP 0777396 Al (NOKIA MOBILE PHONES LTD.), 
4 June 1997 (04.06.97), column 14, 
line 40 - column 15, line 25, abstract 



EP 0328100 A2 (NEC CORPORATION), 16 August 1989 
(16.08.89), column 3, line 45 - line 55 



1-15 



1,6,13 



1,6,13 



Further documents are listed in the continuation of Bo* C. I^j ^cc patent family annex 



Special category ui cited document*: 

document uefinmg the general state of the art which :t not conquered 
lo he t)j p.voculv relevance 

eriicr document hut published nn or alter the tnlcm.-nonaJ firing date 

document which may throw doubts on pnunly claim! tl or which is 
ci'.cd tt» establish the puh!i cation date 01 another citation <ir tuhcr 
special reason (a* spccilied) 

document rcterrng to an oral disclosure, use. exhibition or other 
means 

document published pr.or to '.he intemaUrmal filing date hut later than 
the pnanty date vi aimed 



T" later document published after the international filing aate or prion :y 
date and not in conthct with the application but cited to understand ' 
the pnnctplc or theory underlying the invention 

"X" document of particular relevance: the claimed Invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document w taken alone 

' Y" document of particular relevance the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such document*, such combination 
heing obvious to a person skilled in the art 

document member of the tame patent family 



Dale of the actual completion of the international search 

23 November 1998 


Dale of mailing of Uic international search report 

26 -11- 1998 


Vante and mailing address of the ISA " 

Swedish Patent Office 

Box 5055. S-102 42 STOCKHOLM 

Facsimile No. + 46 8 GfH> 112 XG 


Authorized officer 

Goran Peters son 

Telephone No. r 4G 8 782 25 MJ j 



l\.rm I'CT ISA 210 (second sheen/July N°2t 
3NSOOCIO- <WO 9647302A3J_> 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/FI 98/00324 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Gtaliuii of do cut n exit, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



P.A 



EP 0660632 A2 (AT&T CORP.), 28 June 1995 

(28.06.95), column 7, line 47 - column 8, line 25, 
abstract 



EP 0798943 A2 (YRP MOBILE TELECOMMUNICATIONS KEY 
TECHNOLOGY RESEARCH LABORATORIES CO., LTD.), 
1 October 1997 (01.10.97), column 8, 
line 9 - line 20; column 8, line 57 - column 10, 
line 23; column 23, line 30 - line 47 



1,6,13 



1,6,13 



Form Per ISA-2IO (continuation of second sheet) (July 1992) 

BNSDOCIO: <WO 98*7302A3_I_> 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PC T> 



(51) International Patent Classification 6 : 
H04Q 7/22, 7/38, H04L 12/56 



A3 



(11) International Publication Number: WO 98/47302 

(43) International Publication Date: 22 October 1998 (22.10.98) 



(21) International Application Number: PCT/FI98/0O324 

(22) International Filing Date: 9 April 1998 (09.04.98) 



(30) Priority Data: 
971585 



15 April 1997 (15.04.97) 



FI 



(71) Applicant (for all designated Stales except US): NOKIA 

TELECOMMUNICATIONS OY [FI/FI]; Keilalahdentie 4, 
FIN-02150 Espoo (FI). 

(72) Inventor; and 

(7= Inventor/Applicant (for US only): RAUHALA. Kristian 
(FI/US); Apartment 5-K. 655 Tourmaline Street. San 
Diego. CA 92109 (US). 

(74) Agent: KOLSTER OY AB: Iso Roobertinkatu 23. P.O. Box 
148. FIN-00121 Helsinki (FI). 



(81) Designated States: AL. AM, AT. AU. AZ. BA, BB, BG. BR. 
BY. CA. CH. CN. CU. CZ. DE. DK. EE. ES. FI, GB. GE. 
GH. GM. GW, HU. ID, IL. IS, JP. KE. KG, KP. KR. KZ. 
LC. LK. LR. LS. LT. LU. LV, MD, MG. MK. MN, MW, 
MX. NO. NZ. PL, PT. RO. RU, SD, SE, SG. SI. SK. SL. 
TJ. TM. TR. TT, UA, UG. US. UZ, VN. YU. ZW, ARIPO 
patent (GH, GM, KE. LS, MW. SD. SZ, UG. ZW). Eurasian 
patent (AM. AZ. BY, KG, KZ, MD, RU. TJ. TM), European 
patent (AT. BE CH. CY. DE, DK, ES. FI, FR. GB, GR, 
IE, IT. LU. MC, NL, PT, SE). OAPI patent (BF, BJ, CF. 
CG. CI. CM. GA. GN, ML, MR. NE. SN. TD. TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the claims 
and to be republished in the event of the receipt of amendments. 

(88) Date of publication of the international search report: 

21 Januarv 1999 (21.01.99) 



Tunnelled 
signalling 
messages 



(54) Title: METHOD OF AVOIDING PACKET LOSS AT A HANDOVER IN A PACKET-BASED TELECOMMUNICATIONS 
NETWORK AND HANDOVER METHOD 

(57) Abstract 

The invention relates to connection-oriented 
packet-based communications network, such as 
ATM (Asynchronous Transfer Mode), in which 
the terminal (MS) and the network access point of 
the terminal may move in the network. When the 
access point of the terminal (MS) changes during 
an active connection, the routing of the connection 
must also be changed or extended from an old 
access point (BTSl) to a new one (BTS2). The 
old access point (BTSl) may comprise buffered 
ceils, which should be transferred to the new 
access point without packet loss. A necessary 
connection (13) from the old access point to 
the new one is established dynamically, when it 
is required. Instead of being controlled by the 
old access point, the connection establishment is 
controlled by a third network element (10). which 
is responsible for controlling the change of access 
point anyway. The third network element (10) 
generates the required signalling and in a way 
"tunnels" this signalling to the old access point 
(BTSl). which transmits the signalling forward 
without interpreting it. So the old access point 
can be arranged to send signalling messages and 
to establish a connection without requiring any 
additional intelligence at the access point. Upon 
the connection being established, the old access 
point sends the buffered unsent packets to the new 
access point (BTS2). 




BTS2 



BNSOOCtD: cWO 98«7X2A3J_> 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States pany to the PCT on the front pages of pamphlets publishing international applications under the P '"T. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


CR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BC 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United Slates of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CC 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cote d* I voire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






C.N 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RL< 


Russian Federation 






DE 


Germiny 


Lt 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







BNSOOCIO: <WO 9a47302A3J_> 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



03/11/98 



International application No. 

PCT/FI 98/00324 



Patent document 
eked in search report 


Publication 
date 


Patent family 
membcr(s) 


Publication 
date 


WO 9731499 Al 


28/08/97 


AU 


1798197 A 


10/09/97 






FI 


960815 A 


23/08/97 


EP 0777396 Al 


04/06/97 


AU 


7042396 A 


05/06/97 






CN 


1156945 A 


13/08/97 






FI 


955812 A 


02/06/97 






JP 


9186704 A 


15/07/97 






NO 


965020 A 


02/06/97 



EP 0328100 A2 



16/08/89 



AU 


2985589 A 


10/08/89 


CA 


1301845 A 


26/05/92 


OE 


68923102 D,T 


02/11/95 


JP 


2094176 C 


02/10/96 


JP 


2198229 A 


06/08/90 


JP 


8017346 B 


21/02/96 


US 


4989204 A 


29/01/91 


JP 


1204545 A 


17/08/89 


JP 


1966987 C 


18/09/95 


JP 


6103883 B 


14/12/94 


JP 


1204546 A 


17/08/89 


JP 


1204543 A 


17/08/89 


JP 


2015261 C 


02/02/96 


JP 


7048712 B 


24/05/95 



EP 0660632 A2 28/06/95 CA 2118438 A 28/06/95 

CN 1116811 A 14/02/96 

JP 7212818 A 11/08/95 

US 5434853 A 18/07/95 



EP 0798943 A2 


01/10/97 


AU 


672865 B 


17/10/96 






AU 


5716394 A 


19/07/94 






CH 


685701 A 


15/09/95 






DE 


4396846 T 


26/01/95 






EP 


0628050 A,B 


14/12/94 






GB 


2279650 A,B 


11/01/95 






GB 


9416016 D 


00/00/00 






JP 


8502999 T 


02/04/96 






JP 


9261713 A 


03/10/97 






SE 


9402735 A 


16/08/94 






US 


5679787 A 


21/10/97 






JP 


10224375 A 


21/08/98 



Hj;m PCT ISA 210 Jpatent family annex) (July 1992) 
: <WO 9847302A3J.* 



